(19) 



J 



Europalsches Patentamt 
European Patent Office 
Office europeen des brevets 



(11) 



EP1 327 418 A1 



(12) 



EUROPEAN PATENT APPLICATION 

published in accordance withi Art. 158(3) EPC 



(43) Date of publication: 


(51) lntCl7: A61 B 10/00 


16.07.2003 Bulletin 2003/29 






^ooj iniernaiionai appiicaiion numoer. 


(21) Application number: 01974872.2 


PCT/JP01/09064 


(22) Date of filing: 16.10.2001 


(87) International publication number: 




WO 02/032317 (25.04.2002 Gazette 2002/17) 


(84) Designated Contracting States: 


(72) Inventors: 


AT BE CH CY DE DK ES Fl PR GB GR IE IT LI LU 


• KAWASAKI, Shingo 


MC NL PT SE TR 


Matsudo-shI, Chiba 270-2203 (JP) 


Designated Extension States: 


• WATANABE, Eiju 


AL LT LV MK RO SI 


Bunfcyo-ku, Tolcyo 113-0033 (JP) 


(30) Priority: 16.10.2000 JP 2000315115 


(74) Representative: Strelil ScliDbel-iHopf & Partner 


Maximillanstrasse 54 


(71) Applicant: Hitachi Medical Corporation 


80538 Munclieri (DE) 


Tolcyo 100-0047 (JP) 





< 

00 

CM 
CO 



(54) ORGANISM OPTICAL MEASUREMENT INSTRUMENT 



(57) The present Invention discloses an optical 
measurement apparatus for living body provided with 
light transmitting means for transmitting light to a plural- 
ity of positions in areas to be examined within a living 
body; light detecting means for detecting light which has 
been transmitted by the light transmitting means and 
has passed through the living body at the plurality of po- 
sitions in the examination area; load applying means for 
applying to the living body a load to which the living body 
responds; means for calculating signals representing In- 
tensity change of the transillumination detected by the 
light detecting means at the measuring points deter- 
mined based on the positional relation between each of 
light transmitting means and light detecting means dur- 
ing both a period in which a load Is applied to the living 
body and a period in which a load is not applied; means 
for calculating time variations of at least one signal 
among two signals calculated above at the measuring 
points detennined based on the positional relation be- 
tween each of light transmitting means and light detect- 
ing means; and display control means for displaying 
graphs of the above-calculated signals in correspond- 
ence with the positional relation between each light 
transmitting means and light detecting means. 
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Description 

FIELD OF THE INVENTION 

[0001] The present invention relates to an optical 

measurement apparatus for living body; and more par- 
ticularly, the invention relates to a technique effective in 
observing areas where there is response by the object 
to be examined to outside stimulation. 

BACKGROUND OF THE INVENTION 

[0002] In recent years, the optica! measurement ap- 
paratus for living body has been developed, by which 
functions of tissue in a living body are observed by trans- 
mitting laser light to the interior of the living body and 
detecting signals generated due to interaction between 
the laser and hennoglobin In the blood flow within the 
living body. Such an optical measurement apparatus for 
living body is disclosed, for example, in Japanese Pat- 
ent Laid-open Publication JP-A-9-98972 (hereinafter re- 
ferred to as "document 1"). The optical measurement 
apparatus for living body mentioned therein is constitut- 
ed of modulated semiconductor laser devices for gen- 
erating light having various modulation frequencies, 
light-transmitting optical fibers for guiding the light gen- 
erated by the semiconductor laser devices to transmit 
light to a plurality of positions, detecting optical fibers for 
collecting the light which has passed through the living 
body (hereinafter referred to as "living-body transillumi- 
nation") and guiding it to photodiodes, a fixing member 
for fixing the tips of the light-transmitting optical fibers 
and the detecting optical fibers to predetennined posi- 
tions on the living body, lock-in amplifiers for separating 
electric signals of the optical intensity of the living-body 
transillumination which are output from the photodiodes 
(hereinafter referred to as "living-body transillumination 
Intensity signals") according to wavelength and meas- 
urement position, an A/D converter for converting the 
outputs of the lock-in amplifiers into digital signals, an 
input/output unit having an image generation unit for 
generating an image of the living-body transillumination 
Intensity signal (a topography image) corresponding to 
variations of hemoglobin concentration at each meas- 
uring point from the living-body transillumination inten- 
sity signals after A/D conversion, and an image display 
unit for inputting operation instruction for the apparatus 
and displaying the living-body transillumination intensity 
signal image. In this specification, "transillumination" 
hereinafter means any kind of light including transmitted 
light, reflected light, and scattered light which are gen- 
erated at a light source and detected at a detector (a 
light detector) after interacting with the living body 
[0003] in the measurement using the conventional 
optical measurement apparatus for living body de- 
scribed above, the fixing member is first put on the living 
body, and the light-transmitting optical fibers and the de- 
tecting optical fibers supported by a probe holder pro- 



vided to the fixing member are applied to predetermined 
positions on the living body. Then, in preliminary meas- 
urement, for example, plural measurements of 10 sec- 
onds each, living-body transillumination intensity sig- 
s nals in the resting state, are measured, and the meas- 
ured values are averaged to calculate hemoglobin con- 
centration in measured areas of the living body in the 
resting state. Next, the living-body transillumination in- 
tensity signals are measured in the state where stimu- 
10 lation is applied to the living body. 

[0004] Then, relative variations of oxygenated hemo- 
globin concentration and relative variations of deoxy- 
genated hemoglobin concentration are calculated at 
each measuring point from the measured living-body 
15 transillumination Intensity signals in the resting state 
and the measured living-body transillumination intensity 
signals in the state where stimulation is applied. An im- 
age of the living-body transillumination intensity signal 
Is generated from the relative variations of oxygenated 
20 hemoglobin concentration, the relative variations of de- 
oxygenated hemoglobin concentration, and the relative 
variations of total hemoglobin concentration which is the 
sum of the relative variations of oxygenated hemoglobin 
concentration and deoxygenated hemoglobin concen- 
25 tration, and this Image is displayed, 

[0005] To describe in detail the mode of image display 
in the conventional optical measurement apparatus for 
living body, relative variations of oxygenated hemoglob- 
in concentration, relative variations of deoxygenated he- 
30 moglobin concentration, and relative variations of the to- 
tal hemoglobin concentration are calculated at each 
measuring point from the living-body transillumination 
intensity signal acquired at a measuring point (a position 
to be measured) which is the area between a pair of the 
35 light-transmitting optical fiber and the detecting optical 
fiber which are adjacently placed. The relative variations 
of oxygenated hemoglobin concentration and the rela- 
tive variations of deoxygenated hemoglobin for each 
pixel are calculated by spline interpolation and the like 
40 from the relative variations of oxygenated hemoglobin 
concentration and the relative variations of deoxygen- 
ated hemoglobin concentration obtained at each meas- 
uring point. When the result thereof is displayed as an 
image, the area where the variation is minimum among 
45 those relative variations is provided with blue hue, the 
area where the variation is maximum is provided with 
red hue, and areas between them are provided with me- 
dium hues between blue and red in accordance with 
their variation. The area where the variation of hemo- 
50 globin concentration Is maximum represents the area 
which has been activated by the appiication of stimula- 
tion. In this manner, the area which has been activated 
by stimulation, that Is, the functioning area of the living 
body is identified by the variations of hemoglobin con- 
55 centration in the measuring area. 

[0006] After considering the above-described con- 
ventional technique, the inventor found a problem. That 
Is, to take therapy of epilepsy as an example, the ther- 
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apy In which the focal point of epilepsy is identified and 
Is excised requires not only accurate identification of the 
focal point of epilepsy, but also accurate identification of 
positions of a speech function area (the "speech area"), 
a visual function area ("the optic area") and the like. The 
reason thereof is to enable exsection of the focal point 
of epilepsy to maximum while reducing damage to the 
speech area and the visual area to minimum, by Identi- 
fying the accurate position of the speech area and the 
visual area, and thus improve treatment outcome. 
[0007] On the other hand, to accurately identify the 
areas where the relative variations of hemoglobin con- 
centration greatly changes (the focal point of epilepsy), 
it is necessary to identify the measuring point having the 
largest relative variations of hemoglobin concentration 
and tlie areas around It having large relative variations. 
However, when the relative variations of hemoglobin 
concentration are displayed with colors as in the con- 
ventional optical measurement apparatus for living 
body, the area to be examined might depend on the dif- 
ference of the examiner's sensitivity to colors. There- 
fore, a display method by which the examiner can ob- 
jectively identify the area where the relative variation of 
hemoglobin concentration is greatest has been desired. 
[0008] The object of the present invention is to provide 
a teclnnique by which the examiner can objectively Iden- 
tify the area to be examined in diagnosis using the op- 
tical measurement apparatus for living body. 
[0009] Another object of the invention is to provide a 
technique by which efficiency of diagnosis using the op- 
tical nneasurement apparatus for living body can be im- 
proved. 

[0010] The above-described and other objects and 

the novel features of the Invention will be revealed In the 
description of the specification and the attached draw- 
ings. 

SUMMARY OF THE INVENTION 

[0011] To achieve the above-described objects, the 
present invention provides an optical measurement ap- 
paratus for living body constituted of light transmitting 
means for transmitting light to a plurality of positions in 
the area of a living body under examination; light detect- 
ing means for detecting at a plurality of positions in the 
area under examination the light which has been trans- 
mitted by the light transmitting means and has passed 
through the living body; load applying means for apply- 
ing to the living body a load to which the living body re- 
sponds; means for generating signals representing in- 
tensity change of transillumination detected by the light 
detecting means at measuring points which are deter- 
mined based on positional relation between each of the 
light transmitting means and the light detecting means, 
during both a period in which the load is applied to the 
living body and a period in which the load is not being 
applied; means for converting time variations of at least 
one signal among two signals detected above and time 



variations of the light signal at each measuring point into 
time variations of hemoglobin concentration; means for 
calculating the time variations of hemoglobin concentra- 
tion calculated at the measuring points, determined 

5 based on the positional relation between each of the 
light transmitting means and the light detecting means; 
and display control means for displaying graphs of the 
time variations of hemoglobin concentration In corre- 
spondence with the positional relation between each of 

10 the light transmitting means and the light detecting 
means. 

[0012] The optical measurement apparatus for living 
body according to claim 1 includes means for selecting 
and classifying graphs displayed on display means by 

15 the display control means into a plurality of groups. 
[0013] The optical measurement apparatus for living 
body according to the present Invention further Includes 
means for distinguishably displaying the respective 
graphs of the groups to be displayed classified by the 

20 selecting means. 

[0014] Further, the optical measurement apparatus 
for living body desirably includes means for displaying 
on the display means a particular group among the plu- 
rality of groups classified by the selecting means. Also, 

25 the apparatus desirably includes means for averaging 
measured values of the respective groups classified by 
the selecting means, and means for displaying on the 
displaying means data of the respective groups of the 
values. Further, the apparatus desirably includes means 

30 for converting the average values calculated by the av- 
eraging means into data displayed as graphs on the dis- 
play means. 

[001 5] The optical measurement apparatus for living 
body desirably includes means for calculating correla- 
35 tion between a standard data representing characteris- 
tics of one selected group and the data calculated by 
the averaging means, and means for displaying a value 
of the calculated correlation near the displayed graph. 
Further, It is preferable that the standard data represent- 
ee Ing the characteristics of one selected group Is stored 
in storing means, and the stored standard data is read 
out by readout means. 

[0016] Further, the optical measurement apparatus 
for living body desirably Includes means for inputting the 

45 standard data representing the characteristics of one 
selected group, and the standard data inputting means 
desirably includes an operation device for inputting a 
plurality of coordinate points on a coordinate plane hav- 
ing two axes, for signal intensity and for time, on a 

50 screen of the display means, means for calculating by 
interpolation processing the coordinate points between 
the respective coordinate points Input by the operation 
device, and means for generating a correlation standard 
graph from the Input coordinate points and the coordi- 

55 nate points calculated by the interpolation processing. 
Further, the standard data inputting means desirably in- 
cludes means for converting signal Intensity and time of 
the coordinate points input by the operation device into 
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numericai values, and displaying the values as a chart. 
[0017] Further, the optica! measurement apparatus 
for living body desirably includes nneans for calculating 
a difference value between the average value of meas- 
ured values in the period In which the load Is applied to 
the living body and the average value of measured val- 
ues in the period when the load is not applied to the living 
body, and means for displaying the difference value cal- 
culated by the difference calculating means in the vicin- 
ity of the displayed graph. 

[0018] The optical measurement apparatus for living 
body according to the present invention may also take 
a fomi described below, so as to achieve the above-de- 
scribed objects: that is, the optical measurement appa- 
ratus for living body may be constituted of a plurality of 
light-transmitters for transmitting light, which are dis- 
cretely placed on plural positions on the head of a living 
body: a plurality of light detectors for detecting light 
which has been transmitted by the light-transmitter 
placed discretely on plural positions on the head of the 
living body and which has passed through the living 
body, the light detectors being placed alternately with 
the light-transmitters; load applying means for applying 
a load to which the living body responds when applied; 
preliminary measurement means for performing prelim- 
inary measurement during the period when the load is 
not applied to the living body, in order to measure a 
standard signal; actual measurement means for per- 
forming actual measurement which has a rest period in 
which the load is not applied to the living body and a 
loading period in which the load is applied to the living 
body by the load applying means, so as to measure a 
signal representing Intensity change of the transillumi- 
nation detected by the light detecting means; means for 
calculating relative variations of the signal measured in 
the actual measurement with respect to the standard 
signal by comparing the signal calculated above and the 
standard signal; and display control means for display- 
ing graphs of the above-calculated relative variations in 
correspondence with the measuring points determined 
based on the positional relation between each of the 
light transmitting means and the light detecting means. 
[0019] Further, as another form of the present Inven- 
tion, the optical measurement apparatus for living body 
may be constituted of light transmitting means for trans- 
mitting light to a plurality of positions on the body surface 
corresponding to the areas to be examined in the living 
body; light detecting means for detecting optical Inten- 
sity of the light which has been transmitted by the light 
transmitting means and which has passed through the 
living body at the plurality of positions on the surface of 
the living body; means for converting time variations of 
the intensity of transillumination detected by the detect- 
ing means Into time variations of hemoglobin concen- 
tration and making graph data of this time variations of 
hemoglobin concentration; and means for displaying the 
graph data at display positions corresponding to the 
measured points which are determined based on the po- 



sitional relation between each of the light transmitting 
means and the light detecting means. 



Fig. 1 is a diagram illustrating outline structure of an 
optical measurement apparatus for living body ac- 
cording to one embodiment of the present inven- 
tion. 

Fig.2 is a flow chart showing the process of the liv- 
ing-body optical measurement using an optical 
measurement apparatus for living body according 
to this embodiment. 

Fig. 3 is a diagram showing positions of measuring 
points on the right brain and the left brain. 
Fig.4 is a diagram showing fixing points of optical 
fibers for illumination and for detection by which the 
measuring points shown In Flg.3 are detemnined. 
Fig.5 is a diagram showing one example of display- 
ing graphs representing relative variations of meas- 
ured hemoglobin concentration. 
Fig.6 is a diagram showing one example of display- 
ing graphs representing relative variations of hemo- 
globin concentration in the same function area. 
Fig. 7 is a diagram showing one example of display 
In which relative variations of hemoglobin concen- 
tration in the same function area and correlation val- 
ues on correlation graphs are represented together 
with the graph. 

Fig. 8 is a diagram showing one example of display- 
ing difference values between the loading period 
and the rest period along with graphs representing 
relative variations of hemoglobin concentration in 
the same function area. 

Fig. 9 is a diagram illustrating process of setting a 
correlation graph in the optical measurement appa- 
ratus for living body according to the embodiment 
of the present invention. 

BEST MODE FOR CARRYING OUT THE INVENTION 

[0021] Hereinafter, an embodiment of the present in- 
vention Is described in detail with reference to the draw- 
ings. Incidentally, throughout the drawings for describ- 
ing the embodiment of the invention, elements having 
the same function are provided with the same reference 
numbers respectively. 

[0022] Fig. 1 is a block diagram illustrating the outline 
structure of an optical measurement apparatus for living 
body according to the embodiment of the invention. In 
Fig.1 , reference number 1 represents a light source unit, 
reference number 2 represents light modules, reference 
number 3 represents semiconductor laser devices, ref- 
erence number 8 represents optical fibers for illumina- 
tion, reference number 9 represents an object to be ex- 
amined, reference number 10 represents optical fibers 
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for detection, reference number 11 represents photodi- 
odes, reference number 12 represents a rock-in ampli- 
fier module, reference number 16 represents an A/D 
converter, reference number 17 represents a control 
unit (CPU), reference number 18 represents storing 
means, reference number 19 represents processing 
means, reference number 20 represents an input/output 
unit (display control unit), and reference represents 
number 21 represents an image generation unit. Inci- 
dentally, among the above-mentioned constituent fea- 
tures, all features except the control unit 17, the 
processing means 19, the input/output unit 20 and the 
image generation unit 21 are similar to those in known 
optical measurement apparatus for living body men- 
tioned in, for example document 1 . Therefore, the fol- 
lowing description refers in detail to the control unit 17, 
the processing means 1 9, the input/output unit 20, and 
the image generation unit 21 . 

[0023] The following is a description of structure and 
operation of an optical measurement apparatus used for 
speech-dominant hemisphere identification, in which 
light having various absorptances to oxygenated hemo- 
globin and deoxygenated hemoglobin is transmitted 
from the skin surface of the head of an object to be ex- 
amined to the brain while activating the speech area of 
the brain of the object, and relative variations of oxygen- 
ated hemoglobin concentration, relative variations of 
deoxygenated hemoglobin concentration, and relative 
variations of total hemoglobin concentration are meas- 
ured from transillumination detected on the skin surface 
of the head, wherein the optica! measurement appara- 
tus has twenty-four measuring channels, or measuring 
positions. However, it Is obvious that the stimulation giv- 
en to the object may be replaced to visual stimulation, 
pain stimulation, and kinetic stimulation, according to 
the content of diagnosis. Further, the region to be meas- 
ured in the present invention is not limited to the head, 
and it may be other portion and may be also applied to 
the living body other than the human body. Also, by in- 
creasing the number of light-transmitting positions and 
light- detecting positions, the number of measuring 
channels can be increased, whereby areas to be meas- 
ured can be expanded. 

[0024] Referring to Fig. 1, the light source unit 1 is 
constituted of the semiconductor laser devices 2 and the 
light modules 3. The semiconductor laser devices 2 is 
designed to transmit light having plural wavelengths be- 
tween the visible area and the Infrared area, for example 
the light having two wavelengths of 780nm and 830nm, 
the n umber of lasers corresponding to the number of the 
measuring positions. Here, the light having wavelengths 
of 780nm and BSOnm is selected because light ab- 
sorptance to oxygenated hemoglobin and that to deox- 
ygenated hemoglobin are different. When the number 
of measuring positions is twenty-four as mentioned 
above, eight units of semiconductor laser devices for 
transmitting light of 780nm and eight units of semicon- 
ductor laser devices for transmitting the light of 830nm 



are provided, wherein the total number of semiconduc- 
tor laser devices is sixteen. To each of light modules 3, 
the light having two wavelengths is to be input. Each of 
the light modules is provided with an oscillator having 
5 various oscillation frequencies, and modulates and out- 
puts the light transmitted by the semiconductor laser de- 
vices 2. For example^ when the light having two wave- 
lengths is used as described above, light having modu- 
lation frequency of two wavelengths of 780nm+Afn and 
10 830+Afn, the value of Afn being varied, is output to each 
light module. Thus, the number of light modules Is eight, 
being half of the semiconductor laser devices. Further, 
each of light modules is provided with an optical fiber 
coupler (not shown), for guiding light made by modulat- 
es ing the light having two wavelengths of 780nm and 
830nm to one optical fiber (a light-transmitting optical 
fiber 8). 

[0025] Incidentally, the values of two wavelengths of 
the light transmitted from the semiconductor laser de- 

20 vices are not limited to 780nm and B30nm, and wave- 
length number is also not limited to two. As a radiation 
source of the light, a light-emitting diode may be em- 
ployed, instead of the semiconductor laser devices. As 
the modulation perfomned in the light module, analog 

25 niodulation by sine wave and digital modulation by 
square wave with various time inten/als may be em- 
ployed. 

[0026] The light made by mixing two-wavelength light 
emitted from the light source unit 1 is transmitted to the 

30 head to be examined of the object 9 from the tips of eight 
light-transmitting optical fibers 8 connected to the light 
modules 2 respectively. Each of four light-transmitting 
optical fibers 8 Is fixed to the head of the object 9 by a 
fixing member (not shown). By putting the optical fibers 

35 through this fixing member, the positions of the optical 
fibers 8 are set at positions different from each other on 
the head of the object 9. Furthermore, in this embodi- 
ment, the tips of the light-transmitting optical fibers 8 and 
the detecting optical fibers 10 are alternately arranged 

40 on a tetragonal lattice. In the above-described structure, 
the positional relation between the light-transmitting op- 
tical fibers 8 and the detecting optical fibers 10, and 
modulation frequencies of the light entering the light- 
transmitting optical fibers 8 are recognized by the con- 

45 trot unit 17. Incidentally, a measurement probe is de- 
scribed in detail in document 1. 
[0027] The living-body transillumination which has 
been transmitted from the eight optical fibers 8 and has 
passed through the head is collected at ten detecting 

50 optical fibers 10 fixed on the fixing member. Here, the 
light transmitted mainly from adjacent light-transmitting 
optical fibers to the object 9 enters each detecting opti- 
cal fiber. 

[0028] The light entering the detecting optical fibers 
55 Is detected at the photodiodes 1 1 , which are the light 
detectors and are connected to the other end of each 
optical fiber 10. It is preferable to employ known ava- 
lanche photodiodes by which optical measurement can 
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be performed with high sensitivity. However, if a light de- 
tector other than the photodiode is desired, something 
else having photoelectric conversion function, such as 
a photo multiplier, may be employed. 
[0029] The living-body transillumination guided to the 
photodiodes 11 is converted into electric signals (living- 
body transillumination intensity signals), and a modulat- 
ing signal corresponding to the light-transmitting point 
and wavelength are selectively detected at a detection 
circuit which can selectively detect the modulating sig- 
nal, such as the lock-in amplifier module 12 consisting 
of a plurality of locl<-ln amplifiers. Here, the modulating 
signal output from the lock-in amplifier module 12 is the 
signal which has been divided into a living-body transil- 
lumination Intensity signal of particular wavelength and 
light-transmitting positions. However since measure- 
ment in this embodiment is performed at twenty-four 
measuring points using light having two wavelengths, 
the number of signals to be measured is forty-eight. 
Therefore, the lock-in amplifier module 12 according to 
this embodiment is provided with a total of forty-eight 
lock-in amplifiers (not shown). Further, when the digital 
modulation is employed, a digital filter or a digital signal 
processor Is used for the modulating signal detection. 
[0030] The living-body transillumination intensity sig- 
nals output as analog signals from the lock-in amplifier 
module 1 2 are respectively converted into digital signals 
by the A/D converter (analog-digital converter) 1 6 hav- 
ing forty-eight channels. Each of these signals is the liv- 
ing-body transillumination intensity signal con-espond- 
ing to each wavelength and light-transmitting point. The 
above measurement is controlled by the control unit 1 7. 
[0031] The living-body transillumination intensity sig- 
nals converted into digital signals are sequentially out- 
put to the storing means 18 and the processing means 
19. The storing means 1 8 sequentially stores the living- 
body transillumination intensity signals input above. 
[0032] The processing means 19 calculates relative 
variations of oxygenated hemoglobin concentration 
ACoxy and relative variations of deoxygenated hemo- 
globin concentration AC^^^y at each measuring point 
from living-body transillumination intensity signals 
measured during the period in which word stimulation is 
applied, that is, a loading period with respect to standard 
transillumination intensity signals, being living-body 
transillumination intensity signals measured during a 
period referred to as a rest period in which word stimu- 
lation is not applied, among the above-input living-body 
transillumination intensity signals, and displays as a liv- 
ing-body transillumination intensity image on a display 
screen of the input^output unit 20 the relative variations 
of oxygenated and deoxygenated hemoglobin concen- 
tration AC^xy and AC^eoxy relative variations of 
the total hemoglobin concentration, which is the sum of 
the relative variations of oxygenated hemoglobin con- 
centration ACoxy and the relative variations of deoxy- 
genated hemoglobin concentration AC^eoxy- '^^^ rela- 
tive variations of oxygenated hemoglobin concentration 



ACoxy, the relative variations of deoxygenated hemo- 
globin concentration AC^eoxy. the relative variations 
of total hemoglobin concentration being the sum of the 
relative variations of oxygenated hemoglobin concen- 

5 tratlon ACg^y and the relative variations of deoxygenat- 
ed hemoglobin concentration AC^^^ are displayed 
separately or in combination. Since the calculation 
method of the relative variations of oxygenated hemo- 
globin concentration and the relative variations of deox- 

10 ygenated hemoglobin concentration from the living- 
body transillumination intensity signals at each detec- 
tion position is mentioned in document 1 , the detailed 
description thereof is omitted. 

[0033] On the other hand, if graph representation of 

15 living-body transillumination intensity signals at each 
measuring position is commanded from a console (not 
shown) which is connected to the input/output unit 20, 
the processing means 1 9 according to this embodiment 
displays at a position corresponding to each measuring 

20 position a graph of variations of living-body transillumi- 
nation intensity signals equivalent to the relative varia- 
tions of oxygenated hemoglobin concentration or deox- 
ygenated hemoglobin concentration, or the total hemo- 
globin concentration, instead of displaying these relative 

25 variations. Here, if representation of correlation be- 
tween the living-body transillumination intensity signals 
at each measuring position is commanded from the con- 
sole, the processing means 19 calculates a correlation 
value from the living-body transillumination signals at 

30 each measuring position and the predetermined stand- 
ard values stored in the storing means 28, and displays 
a numerical value or a graph of thus obtained correlation 
value. This allows an examiner to objectively determine 
the location of every kind of function area, which has 

35 been conventionally detemnined by the examiner's sub- 
jective reading of the display. 

[0034] Fig.2 is a flow chart illustrating the process of 
optical measurement in the optical measurement appa- 
ratus for living-body according to this embodiment. 

40 Hereinafter, operation in graph representation and 
measuring area setting are described with reference to 
Fig.2. However, as mentioned above, the flow chart 
shown in Fig.2 is suitable for so-called speech-domi- 
nant-hemisphere identification diagnosis, In which the 

45 brain area which is dominant in speech function is iden- 
tified in the right brain and in the left brain, when the 
object to be measured is a human body (the object 9). 
[0035] First, the light-transmitting optical fibers 8 and 
detecting optical fibers 1 0 are an-anged by the examiner, 

50 such that an area referred to as a speech area, which 
is clinically known. Is within the measuring area (step 
201). 

[0036J Here, as shown in Fig.3 and Fig.4, eight light- 
transmitting optical fibers 8 and ten detecting optical fib- 
55 ers 1 0 are put on the head of object 9, such that first to 
twelfth measuring positions are set on the left brain of 
object 9, and thirteenth to twenty-fourth measuring 
points are set on the right brain. That is, four light-trans- 
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mitting optical fibers t1 to t4 and five detecting optical 
fibers r1 to r6 are put on the left-brain side, and four light- 
transmitting optical fibers t5 to t8 and five detecting op- 
tical fibers r6 to r1 0 are put on the right-brain side. When 
the light-transmitting optical fibers and the detecting op- 
tical fibers are thus put on the object 9, twelve points of 
d1 to d12, which are intennediate positions between the 
light-transmitting optical fibers and the detecting optical 
fibers, are the measuring positions on the right-brain 
side, and twelve points of Intermediate positions d13 to 
d24 are similarly measuring positions on the left-brain 
side, 

[0037] After setting the optical fibers as described 
above, the object 9 is kept in bed, and the preliminary 
measurement is perfomned. A standard value for calcu- 
lating relative variations of oxygenated hemoglobin con- 
centration, deoxygenated hemoglobin concentration, 
and the total hemoglobin concentration in the actual 
measurement Is here measured, 
[0038] After the preliminary measurement Is complet- 
ed, the actual measurement is started. The actual meas- 
urement Is the combination of measurement In the rest 
period and measurement in the loading period, in the 
actual measurement according to this embodiment, a 
task consisting of the measurement in the rest period, 
the subsequent measurement in the loading period, and 
the measurement in the rest period subsequent to the 
loading period is repeatedly and continuously per- 
formed plural times (step 202). 

[0039] When light is transmitted from the light-trans- 
mitting optical fibers 8 to the object 9, living-body tran- 
sillumination which has passed through the object 9 and 
Is modified according to the presence or absence of ver- 
bal stimulation enters one end of the detecting optical 
fibers 1 0. The living-body transillumination is sent to the 
apparatus body by detecting optical fibers 10, and is 
converted Into electric signals at the photodiodes 11 . Af- 
ter that, the living-body transillumination intensity sig- 
nals are input to the lock-in amplifier modules 12 and 
are divided there Into living-body transillumination inten- 
sity signals of each wavelength, converted into digital 
signals at the A/D converter 16, stored to the storing 
means 18, and output to the processing means 109. 
[0040] Adding means in the processin g means 1 9 first 
adds the living-body transillumination intensity signals 
which are input from the A/D converter 16 or read out 
from the storing means 18 as many times as the task 
number determined in advance based on the time of the 
start of loading or the end of loading in the same manner 
as, for example, when calculating the relative variations 
of hemoglobin concentration. Next, adding means aver- 
ages the added living-body transillumination intensity 
signals, whereby the level of noise caused by measure- 
ment is reduced. Thus obtained living-body transillumi- 
nation intensity signals (average values) are compared 
with the standard values and relative variations with re- 
spect to the standard values are calculated, and the rel- 
ative variations are output to the display device of the 



Input/output unit 20 in accordance with the instruction 
from the control unit 17, The outputs are made into 
graphs representing relative variations of hemoglobin 
concentration in twenty-four channels corresponding to 

5 the 1 -24 measuring positions as shown in Fig.5, and the 
graphs are displayed on a screen of the display device 
such that the positional relation between the measuring 
positions can be understood by the examiner (step 203). 
[0041] Further, only a graph selected in advance from 

10 the graphs of living-body transillumination intensity sig- 
nals can be displayed on the screen of the display de- 
vice connected to the Input/output unit 20, whereby vls- 
iblity of the graphs on the display screen may be im- 
proved. Incidentally, representations of 1ch-24ch shown 

IS In Fig. 4 respectively correspond to the channel numbers 
showlngthe measuring positions in Fig .3. In this embod- 
iment, the control unit 1 7 is designed to be able to control 
ON/OFF of display of the channel numbers through In- 
put operation from the console (not shown). Thus, the 

20 graph of each measuring points may be easily identified. 
[0042] Further, the processing means 1 9 sets the rel- 
ative display positions, of the graphs corresponding to 
the measuring positions set on the object 9 according 
to the positional Information of the measuring positions 

25 output from the control unit 17, whereby the examiner 
can viscerally understand the positional relation be- 
tween the measuring positions and the graphs. A select 
button for identiflably displaying the graphs for one func- 
tion area (the speech area in this embodiment) is pro- 

30 vided on the console. By controlling the select button 
appropriately, the work of the examiner in referring to 
the displayed graphs and in selecting the graphs be- 
longing to the same function area can be reduced. 
[0043] in the process of selecting one function area, 

35 taking as an example the case where the measuring po- 
sitions d1-d6 are set as the same function area, the left 
Broca's area, the examiner first selects graphs of the 
measuring positions d1-d6 as represented on the dis- 
play. Next, selecting-operation is done by selecting an 

40 ROI icon 406 (cf. Fig.5) so as to set the areas selected 
by the examiner as the same function area. Thus, the 
living-body transillumination Intensity signals at the 
measuring positions d1-d6 are set as the living-body 
transillumination intensity signals of the same function 

45 area. The selecting operation at this time Is such that, 
for example, the examiner inputs an instruction using a 
pointing device or the like (not shown) connected to the 
input/output unit 20, and graph selecting means Inte- 
grated in the processing means 19 sequentially selects 

50 graphs to be set as the same function area. Following 
the graph selecting operation, the examiner selects the 
ROI Icon 405 on the screen, and the measuring areas 
corresponding to the selected graphs are registered as 
the same function area. As the measuring positions se- 

55 lected to be the same function area is registered, the 
graphs of the selected same function area are displayed 
with hue infomriation on, for example, the frame of the 
graph, the background, the broken lines, the channel 
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numbers or the like, so as to be discernabte from graphs 
of other function areas. 

[0044] Further, relative variations of hemoglobin con- 
centration in the selected measuring areas are used as 
one group of data by the above selecting operation in 
the optical measurement apparatus for living body ac- 
cording to this embodiment, whereby a predetermined 
processing described bebw Is enabled. Incidentally, in 
this embodiment, the measuring positions d1 -d6 are set 
to be the left Broca's area, the measuring positions 
d7-d1 2 to be the left Wernicke's area, the measuring po- 
sitions the d1 3-d1 8 to be the right Broca's area, and the 
measuring positions d1 9-d24 to be the right Wernicke's 
area. 

[0045] After the area setting is completed, the 
processing means 19 averages the living-body transil- 
lumination intensity signals in the respective measuring 
positions set to be the same function area, and sets the 
thus obtained value as the living-body transillumination 
Intensity signal of that function area. Next, the process- 
ing means 19 generates graphs of the respective func- 
tion areas from the living-body transillumination intensi- 
ty signals acquired by averaging with the same process 
of the above graphing process of the respective meas- 
uring positions, and outputs thus obtained graphs to the 
input/output unit 20. Thus, as shown in Fig. 6, averaged 
hemoglobin graphs 501-504 of the respective same 
function areas are displayed on the screen (step 204). 
[0046] Next, the processing means 1 9 calculates cor- 
relation values between the averaged hemoglobin 
graphs 601 -504 and a preset or examiner-set standard 
graph (hereinafter referred to as a correlation graph), 
and thus obtained correlation values are displayed in 
display areas 601-604 below the averaged hemoglobin 
graphs 601-504 (step 205). 

[0047] The state of display at this point Is shown in 
Fig. 6. As is clear from Fig. 6, the optical measurement 
apparatus for living body according to this embodiment 
enables easy determination of similarity between the av- 
eraged hemoglobin graphs 501 -504 obtained inthe step 
204 and the preset correlation graph. Therefore, when 
a standard graph of the speech area which dominantly 
changes In accordance with verbal stimulation is set as 
the correlation graph, the examiner can easily and ob- 
jectively identify the speech area by comparing the cor- 
relation values displayed in the vicinity of the graphs 
501 -504. Although the period in which a correlation val- 
ue is obtained is set as the entire period for one task in 
this embodiment, the embodiment is not limited thereto. 
For example, the correlation values of the loading period 
only may be calculated. Further, in this embodiment pre- 
determined graphs or examiner-set graphs are the 
standard graphs for correlation calculations, but the em- 
bodiment is not limited thereto. For example, the living- 
body transillumination intensity signals of the respective 
measuring areas shown in Fig. 5 may be set as the 
standard graphs. The structure for setting the living- 
body transillumination intensity signals of the respective 



measuring areas as the standard graphs is such that an 
icon for selecting standard graphs is provided on the dis- 
play screen as the above-mentioned ROI icon 405 is 
provided, and selected graphs of living-body transillu- 

5 mlnatlon intensity signals are set as the standard graphs 
by operating this icon. In this manner, the examiner can 
easily select the standard graphs. 
[0048] The processing means 1 9 has a function of cal- 
culating the difference between the signals in the load- 

10 ing period and in the rest period in the same manner as 
calculation of the living-body transillumination intensity 
signals at the respective measuring positions, after di- 
viding the living-body transillumination intensity signals 
calculated in the step 204 by the living-body transillumi- 

15 nation intensity signals in the period of applying verbal 
stimulation (loading period) and by the living-body tran- 
sillumination intensity signals in the rest period (rest). 
The difference values obtained by this difference calcu- 
lation function are displayed under the respective aver- 

20 aged hemoglobin graphs 501 -504 (step 206). 

[0049] Fig. 8 shows the state of display at this point. 
As is clear from Fig. 8, numerical values of relative var- 
iations of the same function areas are displayed in dis- 
play areas 701 -704, whereby the area which dominantly 

25 changes In response to verbal stimulation can be objec- 
tively identified. As a result, efficiency of speech domi- 
nant-hemisphere identification diagnosis done by the 
examiner may be improved. Incidentally, the difference 
values calculated in this step may be the relative varia- 

30 tions of the total hemoglobin concentration, which is 
used when generating the living-body transillumination 
intensity image. The above-described series of opera- 
tions In the processing means 19 Is executed by soft- 
ware installed In the control unit 17, 

35 [0050] Flg.9 is a diagram showing the setting process 
of the correlation graph in the optical measurement ap- 
paratus for living body according to this embodiment. 
Hereinafter, the setting process of the correlation graph 
In the optical measurement apparatus for living body ac- 

^0 cording to this embodiment Is described with reference 
to Fig.9. 

[0051] As shown in Fig.9, in this embodiment, nine 
variation points 804 are provided in order to form a cor- 
relation graph 801 during the loading period and the rest 

45 periods which are set before and after the loading peri- 
od. On the setting screen of the correlation graph 801 
shown in Fig.9, the processing means 19 perfonns 
spline interpolation processing between the respective 
variation points 804 to form the correlation graph 801 

50 after the examiner sets positions (the signal-intensity di- 
rection and the time-axis direction) of the respective var- 
iation points 804. Here, the positions of the respective 
variation points 804 on the time axis and the signal in- 
tensity axis are displayed in a chart 803 on the same 

55 screen so as to allow the examiner to set the correlation 
graph 801 . Especially, when the coordinate values In the 
chart 803 showing coordinate positions of the respective 
variation points 804 are modified, this modification Is 
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promptly reflected to the correlation graph 801 in this 
embodiment, whereby the setting of the correlation 
graph 801 can be easily and effectively perfomned. Fur- 
ther, bars 802 Indicating a starting point and an ending 
point of the loading period are provided within the dis- 
play area of the correlation graph 801 . By using the bars 
802 as indication lines for setting the correlation graph 
801, the examiner can set the correlation graph more 
easily. Incidentally, the interpolation processing by the 
processing means 19 need not be the spline Interpola- 
tion, but the interpolation processing due to other inter- 
polation calculations, such as linear interpolation, may 
be employed. The number of variation points 804 is not 
limited to nine, 

[0052] Further, in this embodiment, an area In which 
a fonnula for setting the form of correlation graph 801 
(a formula input area) is provided on the same screen, 
wherein the correlation graph can be set according to 
the formula which is directly input by the examiner. Here, 
the formula to be set is displayed in the formula display 
area 805. The above-described correlation processing 
Is also executed by the software installed in the control 
unit 17. 

[0053] According to the above-described embodi- 
ment, the input/output unit 20 generates a graph in ac- 
cordance with average values output from the process- 
ing means 1 9, the graph is displayed on the display de- 
vice connected to the input/output unit 20, and the dif- 
ference values corresponding to the respective graphs 
are displayed in the vicinity of the respective graphs by 
the Input/output unit 20, whereby the examiner can ob- 
jectively understand the variations of the transillumina- 
tion. Therefore, the speech area can be objectively de- 
termined (step 207). 

[0054] Further, correlation values of the function are- 
as more suitable for diagnosis are calculated by calcu- 
lating correlations with respect to the standard values 
stored in storing means 18, and the examiner can per- 
form diagnosis with reference to the result thereof so 
that diagnostic efficiency is improved. 
[0055] The above is the detailed description of the 
present invention according to the embodiment of the 
present Invention. However, the invention is not limited 
to this embodiment. Various changes may be made 
without departing from the scope of the invention. 
[0056] The following is a brief description of the ef- 
fects brought by the representative elements of the in- 
vention laid open in this application: 

(1) Since the examiner can objectively understand 
variations of transillumination, he or she can objec- 
tively determine the speech area to be examined; 

(2) Since the examiner can observe intensity varia- 
tions of transillumination within measurement areas 
determined by the arrangement of a plurality of 
light-transmitting and detecting optical fibers placed 
on the object, he or she can objectively understand 
the variations of the transillumination In a particular 



function area, and can perform determination on the 
function area to be examined. Therefore, diagnostic 
efficiency Is improved. 

(3) The examiner can easily understand the result 
5 of comparison between variations of transillumina- 
tion intensity in each measurement area or/and 
each group and variations of transillumination inten- 
sityfromthe standard graph, whereby diagnostic ef- 
ficiency Is further improved. 



Claims 

1 . An optical measurement apparatus for living body 
15 comprising: 

light transmitting means for transmitting light to 
a plurality of positions in an area being exam- 
ined within a living body; 
20 light detecting means for detecting light which 

has been transmitted by said light transmitting 
means and has passed through the living body 
at a plurality of positions In the area being ex- 
amined; 

25 load applying means for applying to the living 

body a load to which the living body responds; 
means for calculating signals representing in- 
tensity change of the transillumination detected 
by said light detecting means at measuring 

30 points determined based on positional relation 

between said light transmitting means and said 
light detecting means, during a period in which 
the load is applied to the living body and periods 
in which the load is not applied; 

35 means for calculating time variations of at least 

one signal among two signals calculated above 
at the measuring points detemnined based on 
the positional relation between each of said 
light transmitting means and said light detect- 

40 ing means; 

means forconverting thetlme variations of light 
signal at each measuring point into time varia- 
tions of hemoglobin concentration; and 
display control means for displaying graphs of 

45 the above calculated time variations of hemo- 

globin concentration in correspondence with 
positional relation between each of said light 
transmitting means and said light detecting 
means. 

50 

2. An optical measurement apparatus for living body 
according to claim 1 , comprising means for select- 
ing and classifying graphs displayed by said display 
control means on display means so as to make into 

55 plural groups of graphs. 

3. An optical measurement apparatus for living body 
according to claim 2, further comprising means for 
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displaying eacli group of graphs classified by said 
selecting means so as to be distinguishable fronn 
other groups of graphs. 

4. An optica! measurement apparatus for living body 
according to claim 2, comprising means for display- 
ing only one particular group among the plurality of 
groups selected and classified by said selecting 
means. 

5. An optical measurement apparatus for living body 
according to claim 2, comprising means for averag- 
ing measured values of signals of the respective 
groups classified by said selecting means and 
means for displaying to said display means the av- 
erage data of the groups averaged by said averag- 
ing means. 

6. An optical measurement apparatus for living body 
according to claim 5, wherein said averaging means 
includes means for converting the calculated aver- 
age values into data of graphs to be displayed to 
said display means. 

7. An optical measurement apparatus for living body 
according to claim 6, comprising means for calcu- 
lating correlation between standard data represent- 
ing characteristics of one group selected above and 
the data calculated by said averaging means, and 
means for displaying values representing the calcu- 
lated correlation In the vicinity of the displayed 
graphs. 

8. An optical measurement apparatus for living body 
according to claim 7, comprising means for storing 
the standard data representing characteristics of 
one group selected above, and means for reading 
out the stored standard data. 

9. An optical measurement apparatus for living body 
according to claim 7, comprising means for input- 
ting the standard data representing characteristics 
of one group selected above. 

10. An optical measurement apparatus for living body 

according to claim 9, wherein said standard data in- 
putting means includes an operation device for in- 
putting on a screen of said display means a plurality 
of coordinate points on a coordinate having two ax- 
es indicating signal intensity and time, means for 
calculating by interpolation processing the coordi- 
nate points located plane between the respective 
coordinate points input by this operation device, 
and means for generating a correlation standard 
graph from the input coordinate points and the co- 
ordinate points calculated by the interpolation 
processing. 



11. An optical measurement apparatus for living body 
according to claim 10, wherein said standard data 
input means includes means for converting signal 
intensity and time of the coordinate points input by 

5 said operation device into numerical values, and 
display the numerical values in the form of a chart. 

12. An optical measurement apparatus for living body 
according to claim 6, comprising means for calcu- 

10 lating a difference value between an average value 
of measured values in the period in which the load 
is applied to the living body and an average value 
of measured values in the period in which the load 
is not applied to the living body, and means for dis- 
15 playing the difference value calculated by this dif- 
ference value calculating means In the vicinity of 
each graph displayed above. 

13. An optical measurement apparatus for living body 
20 comprising: 

a plurality of light-transmitters discretely ar- 
ranged on the head of a living body for trans- 
mitting light; 

25 a plurality of light detectors discretely arranged 

on the head of the living body alternately with 
said light transmitting means, for detecting light 
which has been transmitted by said light-trans- 
mitters and has passed through the living body; 
30 load applying means for applying stimulation to 

which the living body responds when applied; 
preliminary measurement means for perform- 
ing preliminary measurement In a state where 
a load is not applied to the living body so as to 
35 measure a standard signal; 

actual measurement means for performing ac- 
tual measurement having rest periods in which 
a load is not applied to the living body and a 
loading period in which a load is applied to the 
40 living body by said load applying means, and 

measuring signals representing intensity 
change of the transillumination detected by 
said light detecting means; 
means for calculating relative variations of 
45 measured signals in the actual measurement 

with respect to the standard signal by compar- 
ing the above-calculated signals and the stand- 
ard signal; and 

display control means for displaying graphs of 
50 the above-calculated relative variations in cor- 

respondence with the positions of each of said 
light transmitting means and said light detect- 
ing means. 

55 14, An optical measurement apparatus for living body 
according to claim 13, wherein said light light-trans- 
mitters and said light detectors are arranged corre- 
sponding to brain function areas of the living body. 
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15. An optical measurement apparatus for living body 
according to claim 13, wherein said preliminary 
measurement means repeatedly measures signals 
a plural number of times with a predetennined pe- 
riod In a state where the living body is kept in bed, 
calculates the average value thereof, and stores 
this average value in storing means as a standard 
value. 



16. An optical measurement apparatus for living body 
according to claim 13, wherein said actual meas- 
urement means sequentially executes measure- 
ment in the rest period and measurement in the 
loading period a plural number of times, averages 
measured signals at each measuring period along 
elapsed time, and stores thus calculated average 
values as measured values. 

17. An optical measurement apparatus for living body 
comprising: 

a plurality of light-transmitters discretely ar- 
ranged on the head of a living body for trans- 
mitting light, 

a plurality of light detectors discretely arranged 
on the head of the living body alternately with 
said light-transmitters, for detecting light which 
has been transmitted by said light-transmitters 
and has passed through the living body; 
load applying means for applying to the living 
body a load to which the living body responds 
when applied; 

preliminary measurement means for perform- 
ing preliminary measurement in a state where 
a load is not applied to the living body so as to 
measure a standard signal; 
actual measurement means for executing ac- 
tual measurement consisting of a rest periods 
where the load is not applied to the living body 
and a loading period where the load is applied 
by said load applying means, and generating 
signals representing intensity change of transil- 
lumination detected, by said light detecting 
means; 

means for calculating relative variations of 
measured signals in the actual measurement 
with respect to the standard signal by compar- 
ing the above-calculated signals and the stand- 
ard signal; and 

display control means for displaying graphs of 
the above-calculated relative variations on dis- 
play means in correspondence with the meas- 
uring points determined based on the positional 
relation between each of said light transmitting 
means and said light detecting means. 
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light transmitting means for transmitting light to 
a plurality of positions on the body surface cor- 
responding to areas to be examined within the 
living body; 

light detecting means for detecting light inten- 
sity of the light which has been transmitted by 
said light transmitting means and has passed 
through the living body at a plurality of positions 
on the body surface of the living body; 
means for converting time variations of intensi- 
ty of the transillumination detected by said de- 
tecting means when brain functions of the living 
body are activated into time variations of hemo- 
globin concentration, and making graph data of 
the time variations of hemoglobin concentra- 
tion; and 

means for displaying graphs based on the 
graph data at display positions corresponding 
to the measuring positions determined based 
on the positional relation between said light 
transmitting means and said light detecting 
means. 



55 



18, An optical measurement apparatus for living body 
comprising: 
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FIG.2 



PUT PROBES ON SPEECH AREAS 
ON RIGHT AND LEFT BRAINS {SEE F1G.3) 
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MEASURE STANDARD VALUE 
BY PRELIMINARY MEASUREMENT 



GIVE VERVAL STIMUUTION {WORD 
GENERATION OR THE UKE) 



OBTAIN RELATIVE VARIATION GRAPH 
OF HEMOGLOBIN CONCENTRATION IN EACH CHANNEL 
IN RESPONCE TO STIMULATION {SEE FIG.5 ) 



GENERATE AVERAGED HEMOGLOBIN GRAPH 
IN EACH FUNCTION AREA (SEE FIG.6) 
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CALCULATE CORRELATION VALUE 
BETWEEN ARBITRARILY-SET CORRELATION GRAPH 
AND AVERAGED HEMOGLOBIN GRAPH 
IN EACH AREA (SEE FIG.7) 



I 



CALCULATE DIFFERENCE 
BETWEEN AVERAGED HEMOGLOBIN VALUE IN LOADING PERIOD 
AND AVERAGE HEMOGLOBIN VALUE IN REST PERIOD 
WITH RESPECT TO AVERAGED HEMOGLOBIN GRAPH IN EACH AREA. 
AND CALCULATE VARIATION THEREOF (SEE FIG.8) 
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DETERMINE WHICH OF RIGHT AND LEFT SAME FUNCTION AREA 
{BROKA'S AREA AND RIGHT WERNICKE'S AREA) 
IS DOMINANT HEMISPHERE 
FROM CORRELATION VALUE AND VARIATION VALUE 
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